Sulfadoxine-pyrimethamine (SP) resistance in Plasmodium falciparum is encoded by a number of mutations in the dihydrofolate reductase (dhfr) and dihydropteroate synthetase (dhps) genes. Here, we have characterized point mutations in dhfr and dhps and microsatellite loci around dhfr on chromosome 4 and dhps on chromosome 8 as well as neutral markers on chromosomes 2 and 3 in 332 samples from Yaoundé, Cameroon. The triple mutant dhfr haplotype that originated in Southeast Asia is the most predominant in this sample set, but we also find additional independent haplotypes at low frequency and an incipient process of genetic differentiation among alleles of Southeast Asian origin. As reported for other African populations, we find evidence of a selective sweep for resistant dhfr mutants in this Cameroonian population due to drug selection. Although we find evidence for a selective sweep in dhps mutants associated with SP resistance, the dynamics of dhps mutants appear different than those observed for dhfr mutants. Overall, our results yield support for the use of microsatellite markers to track resistant parasites; however, the detection of resistant dhfr alleles in low frequency, the evidence of divergence among dhfr alleles that share a common evolutionary origin, and the distinct dynamics of resistant dhps alleles emphasize the importance of comprehensive, population-based investigations to evaluate the effects of drug selection on parasite populations.
Sulfadoxine-pyrimethamine (SP) resistance in Plasmodium falciparum is encoded by a number of mutations in the dihydrofolate reductase (dhfr) and dihydropteroate synthetase (dhps) genes. Here, we have characterized point mutations in dhfr and dhps and microsatellite loci around dhfr on chromosome 4 and dhps on chromosome 8 as well as neutral markers on chromosomes 2 and 3 in 332 samples from Yaoundé, Cameroon. The triple mutant dhfr haplotype that originated in Southeast Asia is the most predominant in this sample set, but we also find additional independent haplotypes at low frequency and an incipient process of genetic differentiation among alleles of Southeast Asian origin. As reported for other African populations, we find evidence of a selective sweep for resistant dhfr mutants in this Cameroonian population due to drug selection. Although we find evidence for a selective sweep in dhps mutants associated with SP resistance, the dynamics of dhps mutants appear different than those observed for dhfr mutants. Overall, our results yield support for the use of microsatellite markers to track resistant parasites; however, the detection of resistant dhfr alleles in low frequency, the evidence of divergence among dhfr alleles that share a common evolutionary origin, and the distinct dynamics of resistant dhps alleles emphasize the importance of comprehensive, population-based investigations to evaluate the effects of drug selection on parasite populations.
Plasmodium falciparum resistance to the most commonly used antimalarial drugs has been detected worldwide, reaching the level of a public health emergency (15, 37) . Resistance to chloroquine has led to the discontinued use of the drug in many parts of the world, and resistance to sulfadoxine-pyrimethamine (SP), an affordable and widely available alternative to chloroquine, has rendered this drug ineffective in many areas as well.
Malaria control programs around the world are turning to artemisinin-based combination therapies. However, policy decisions to delay the emergence of resistance against artemisinin-based combination therapies must be made before critical information is widely available. Thus, the fundamental understanding of how resistance against drugs such as SP and chloroquine emerges and how this resistance disseminates will provide critical information for developing strategies to identify and contain resistance to other drugs. In addition, because of its safety for pregnant women and infants and its long action, SP is the only drug recommended for intermittent preventive treatment in these vulnerable populations, and new antifolate combinations are under development (15) . Thus, understanding the dynamics of mutations associated with resistance against SP is still a matter of great epidemiologic and public health importance.
SP acts as an inhibitor of the P. falciparum folic acid pathway, and point mutations in the genes encoding dihydrofolate reductase (DHFR) and dihydropteroate synthetase (DHPS) have been implicated in SP resistance (16) . Point mutations at dhfr codons 50, 51, 59, 108, and 164 act synergistically to increase resistance to pyrimethamine. Specifically, the S108N mutant has a low level of resistance or tolerance, the N51I/ S108N and C59R/S108N double mutants have moderate levels of resistance, the N51I/C59R/S108N triple mutant has a higher level, and the N51I/C59R/S108N/I164L quadruple mutant parasite is considered to be resistant to the effects of pyrimethamine (11, 28) . C50R aids to increase the level of resistance but only recently has been detected outside of South America (22) . Similarly, mutations at dhps codons 436, 437, 540, 581, and 613 act synergistically to increase the level of resistance to sulfadoxine. Simply, the mutations S436A and A437G alone confer a low level of resistance, and when these are in a combination with K540E, A581G, and/or A613S, the parasite has an increased level of resistance to sulfadoxine (15, 38) .
There are few but compelling studies that address the ge-netic consequences of drug selection on mutations associated with resistance in the gene encoding DHFR. Natural selection can act to increase the frequency of a beneficial allele to fixation in the population, and this process is usually referred to as a selective sweep (33) . By such processes, mutations conferring resistance to antimalarial drugs remove linked neutral variation while they sweep through a parasite population, a process termed "genetic hitchhiking" (33) . Selective sweeps of highly resistant dhfr alleles have been described for samples from Southeast Asia, Venezuela, South Africa, and Tanzania (21, 23, 27) . All of these studies emphasize the lack of variation around dhfr, which is expected under the model of a selective sweep (33) . However, only one study, carried out with samples from Venezuela, has examined the consequences of selection on dhps alleles and has shown a similar lack in variation surrounding dhps as a consequence of selection (21) . In addition, no studies of dhfr have been carried out in western or central Africa.
Recent studies have shown a single microsatellite haplotype for highly pyrimethamine-resistant dhfr alleles in Southeast Asia, with subsequent spread to African populations (23, 30, 31) . This Southeast Asian type is consistently seen in African samples as either the only haplotype or the most predominant haplotype, underlining the importance of gene flow of resistant parasites into P. falciparum populations (18, 22) . If just one or a few haplotypes are present in a population, control programs could use molecular markers as part of their surveillance system to track the development and spread of drug-resistant alleles in populations (2) . However, additional independent haplotypes have been found in low frequency in Kenyan populations (22) .
In this investigation, we have examined the variation around two genes involved in SP resistance in Yaoundé, Cameroon, a central African nation with intense or perennial malaria transmission. In Cameroon, chloroquine was officially removed from the drug policy in 2002 and amodiaquine and SP became the first-and second-line drugs, respectively, for the treatment of uncomplicated P. falciparum. The combination therapy artesunate-amodiaquine was officially adopted as the recommended therapy for uncomplicated malaria in 2004 but became widely available only in 2007. Since 2004, SP has been the recommended policy for the intermittent preventive treatment of malaria during pregnancy and also is available unofficially to patients for self-treatment; thus, selection pressure for SP-resistant mutants still remains present (34) . The selection pressure and increase in frequency of SP-resistant parasites across Cameroon have been documented extensively (3-9, 35, 36) .
Here, we present evidence for selection on dhfr and dhps alleles in Cameroon and examine the relationship between alleles present in the population. As our previous study in Kenya has shown, we found additional low-frequency novel haplotypes for the triple mutant dhfr alleles in Yaoundé (22) . We also found evidence for selective sweeps of dhps alleles, with several alleles associated with sulfadoxine resistance. Finally, we found evidence of linkage disequilibrium (LD) between dhps and dhfr mutations, an association that could be the result of drug selection.
MATERIALS AND METHODS
Study subjects. We analyzed 332 random samples collected in Yaoundé, Cameroon, in 2001 Cameroon, in , 2002 Cameroon, in , 2004 Cameroon, in , and 2005 . Study details have been described previously (5, 36) . Whole-blood samples were collected from symptomatic patients Ն12 years old with uncomplicated P. falciparum malaria. Patients were treated with chloroquine, amodiaquine, SP, amodiaquine-sulfadoxine-pyrimethamine, or quinine. The study was approved by the Cameroonian National Ethics Committee and the Cameroonian Ministry of Public Health. Yaoundé is the capital of Cameroon and is in a tropical rain forest. Malaria transmission is typically intense or perennial, with rainy seasons in March through May and September through November. The entomological inoculation rate for Yaoundé has been estimated to be approximately 3 to 33 infective bites per person per year depending on the district (14, 19, 20) .
DNA isolation and genotyping methods. DNA was isolated as previously described (8) . One hundred fifty samples were analyzed for mutations in codons 16, 51, 59, 108, and 164 of dhfr by direct DNA sequencing, as described previously (36) . One hundred eighty-two samples were analyzed for mutations in codons 50, 51, 59, 108, and 164 of dhfr by pyrosequencing, as described previously (40) . All samples were analyzed for mutations in dhps codons 436, 437, 540, 581, and 613 by pyrosequencing (40) .
Microsatellite analysis. Microsatellite characterization was conducted on all samples. Samples were assayed for 18 microsatellite loci that span 148 kb on chromosome 4 around dhfr (23, 30, 31) , 15 loci that span 122 kb on chromosome 8 around dhps (21, 27 ), 4 loci on chromosome 2 that span 78 kb, and 4 loci on chromosome 3 that span 94 kb (21) . The microsatellites used around dhfr are at Ϫ58, Ϫ30, Ϫ17, Ϫ10, Ϫ7. (23), and nested PCRs and thermal cycling conditions were detailed by Roper et al. (30) . PCRs were performed using PCR Master Mix (Promega, Madison, WI), with a total reaction volume of 15 l. PCR products were separated with an Applied Biosystems 3130XL capillary sequencer and scored using GeneMapper software v3.7 (Applied Biosystems, Foster City, CA).
In this article, we use the term "allele" for different forms in the dhfr and dhps coding sequences and also for different fragment sizes of microsatellite loci. A sensitive dhfr or dhps allele is one that has no drug-resistant mutations in the coding region. The term "haplotype" refers to a particular multilocus genotype characterized by 11 microsatellite loci spanning 11.5 kb around dhfr or 9 loci spanning 20 kb around dhps. Haplotypes were classified as different if they contained Ͼ1 allelic change across microsatellite loci (see Tables S1 and S2 in the supplemental material). Samples for which there were no mixed infections detected by pyrosequencing were used for haplotype characterization.
Statistical analysis. The genetic variation for each microsatellite locus was measured by calculating the expected heterozygosity (H e ) and the number of alleles per microsatellite locus (A). H e was calculated for each locus as follows:
, where n is the number of isolates sampled and p i is the frequency of the ith allele. The sampling variance for H e was calculated as follows:
). An Excel Microsatellite tool kit was used to compute allele frequencies and A (26) .
The genetic relationships among haplotypes were explored using eBURST v3 (13) . eBURST identifies mutually exclusive groups of related genotypes and then identifies the founding genotype for each group. eBURST does not allow for any missing data; therefore, haplotypes with missing information for any locus were removed from the analysis. As for haplotype characterization, samples for which there were no multiple infections detected by pyrosequencing were used for eBURST analysis. In the case of multiple infections, where a microsatellite locus may have more than one allele present, the highest peak was used (1).
Population genetic structure was measured using Wright's F statistics (39). The statistic F ST (Wright's fixation index) measures genetic differentiation between populations. For the F ST analysis, the microsatellite loci from Ϫ10 kb to 1.47 kb were used for dhfr and the loci from Ϫ2.5 kb to 17.5 kb were used for dhps. F ST calculations were computed using Arlequin, version 3.01 (12) . An Excel Microsatellite tool kit was used to format data for use in Arlequin (26) .
LD between loci along the chromosomes and also between dhfr and dhps point mutations was assessed by using an exact test of LD (29) . For the tests of LD among chromosomal positions, loci from chromosomes 4 (around dhfr), 8 (around dhps), 2, and 3 were used. Samples for which there were multiple alleles at any locus were removed from the analysis; this was done for dhfr, dhps, and the neutral markers independently. Similarly, samples for which multiple infections were detected at any site were removed from the LD analysis testing pairs of point mutations in dhfr and dhps; this was also done independently for dhfr and dhps for a given sample. Only polymorphic loci or sites were used for the analysis. Associations between pairs of loci or sites were tested by using 10,000 Monte Carlo steps in Arlequin, version 3.01 (12) . To correct for multiple testing, we used a Bonferroni correction.
RESULTS
dhfr and dhps alleles in the population. Table 1 shows the frequencies of the dhfr and dhps alleles in the Cameroonian population. For both dhfr and dhps, the sensitive alleles are present at only 5% in this population; therefore, 95% of the dhfr and dhps alleles are alleles with mutations associated with drug resistance. Triple mutant (51I/59R/108N) dhfr alleles are present in 88% of the samples. There are multiple dhps alleles present in the population, and dhps mutant alleles with the substitution 437G were observed in 52% of the samples.
Microsatellite haplotypes in Yaoundé. Microsatellite haplotypes were characterized for regions of reduced variation immediately surrounding both dhfr and dhps. A total of 12 loci for dhfr and 10 loci for dhps, both totaling approximately 30 kb, were used for haplotype characterization. Haplotypes for both dhfr and dhps alleles are presented in Tables S1 and S2 in the supplemental material. Haplotypes were characterized for samples for which no multiple parasite infections were detected by pyrosequencing; therefore, we can be more confident in the haplotype reconstruction. A total of 45 (13.5%) of the samples for dhfr and 80 (24%) of the samples for dhps had multiple parasites as detected by pyrosequencing. For dhfr, we found 12 haplotypes for the sensitive allele, 3 for the 108N allele, 3 for the 51I/108N allele, 13 for the 59R/108N allele, and 77 for the 51I/59R/108N allele. Haplotype frequencies for dhfr and dhps alleles are shown in Fig. S1 and S2 in the supplemental material. Haplotype frequencies are shown only for alleles where the sample size is greater than 12. The sensitive and 59R/108N double mutant alleles each had a haplotype frequency distribution that was relatively equalized, i.e., there was no predominant haplotype for these alleles. However, for the triple mutant allele, which is presumably greatly advantageous in the presence of SP, the haplotype frequency distribution shows one predominant haplotype (haplotype 31) and multiple rare variants. Haplotype 31, which is the haplotype that has been described previously from Southeast Asia, is present for 73.5% of the triple mutant alleles. The vast majority of the remainder of the triple mutant haplotypes are variants of haplotype 31 (see Table S1 in the supplemental material); we consider these variants of haplotype 31 because they are the result of changes in 1 or 2 loci. Such new variants could be the result of mutations and/or recombination. Nevertheless, there are at least three truly novel haplotypes. Haplotypes 75, 76, and 77 (no. of occurrences ϭ 1 for each) are different from haplotype 31 at 10, 10, and 11 out of 12 loci, respectively.
Haplotype analysis for dhps revealed 12 haplotypes for the sensitive allele, 45 for the 436A single mutant allele, 65 for the 437G allele, 3 for the 613S allele, 17 for the 436A/437G allele, 1 for the 437G/613S allele, and 1 for the 436A/613S allele. The haplotypes for the 437G/613S double mutant are found for 437G alleles, and the haplotype for the 436A/613S allele is found for 436A alleles. The frequency spectrum (see Fig. S2 in the supplemental material) shows no predominant haplotypes for the sensitive or 436A allele, but we do see one predominant haplotype with multiple minor variants for the 437G and 436A/ Genetic differentiation and relationships among alleles. Wright's fixation index, F ST , was used to measure genetic differentiation between the alleles of dhfr and dhps with the microsatellite data. For both genes, the microsatellite loci used for haplotype characterization (i.e., those close to the genes) were also used to test for genetic differentiation between alleles of each gene. The F ST analysis was conducted only for alleles that had a sample size greater than 12. The F ST values for the comparisons among the three alleles of dhfr and dhps were high and significant ( Table 2) .
The application eBURST was used to discern relationships among the dhfr and dhps microsatellite haplotypes. eBURST groups haplotypes based on a simple evolution model which assumes that one lineage or founding haplotype comes to high frequency in the population and then begins to differentiate, producing closely related haplotypes; this is depicted as a clus- ter (13) . We used data from 12 microsatellite loci around dhfr and 10 loci around dhps (as for haplotype characterization) to depict genetic relationships in eBURST. It should be noted that eBURST does not allow for missing data and that samples with incomplete haplotypes were removed; therefore, there were fewer samples utilized for the eBURST analysis than for the haplotype characterization. Figure 1A shows the "population snapshot" for dhfr alleles in the Cameroonian population. The majority of the samples shown here are triple mutant alleles (171 out of 191 total); therefore, it is difficult to make strong assessments about the relationships between the alleles of lower frequencies. We do see a clear relationship among the majority of the triple mutant alleles, represented by the central complex. The central complex is composed of haplotype 31, the Southeast Asian type, with minor variants of this haplotype radiating from haplotype 31. The minor haplotypes 75, 76, and 77 ( Fig. 1) are not connected to the main triple mutant complex. Haplotypes 75 and 76 are not connected to any other haplotype, but haplotype 77 is connected to a 59R/108N haplotype.
The majority of the dhps haplotypes are also grouped based on alleles (Fig. 1B) , further demonstrating that most of the alleles are distinct from one another. Interestingly, there are two 436A/437G groups that are distinct from one another rather than one large double mutant allele cluster. The 436A/ 437G cluster on the left in Fig. 1B is composed mostly of haplotype 127, the most frequent haplotype for the allele, and the cluster on the right is composed mostly of haplotype 134, the second most frequent haplotype for the double mutant allele. The main 437G cluster is derived from haplotype 82, the most frequent for the 437G allele. This cluster analysis also shows the close relationship between 437G/613S and 437G alleles.
Levels of variation and selective sweeps. We characterized microsatellite loci spanning approximately 150 kb around dhfr along chromosome 4 and 122 kb around dhps along chromosome 8 to document the levels of variation present for two genes under selection from drug pressure. We also analyzed microsatellite loci spanning approximately 80 and 90 kb on chromosomes 2 and 3, respectively, to assess putative levels of neutral variation in the genome. We used gene diversity, or H e , as a measure of variation at microsatellite loci. The mean H e for the neutral loci was 0.9258 (Table 3) , which is similar to estimates from other African populations (1) .
Considering the entire population of alleles, there is a clear diminution in heterozygosity at the region immediately surrounding dhfr for approximately 40 kb (Table 3 ; also see Fig.  S3 in the supplemental material). The lack of variation surrounding dhps is less pronounced but extends for approximately 16 kb. This lack of variation is characteristic of a possible selective sweep, and if a sweep has occurred, then there should be a sharp reduction in variation around drug-resistant alleles versus drug-sensitive alleles (27) . Indeed, there is a striking relationship between the amount of variation surrounding resistant double and triple mutant dhfr alleles and that surrounding sensitive (wild-type) alleles (Fig. 2A) . The sensitive alleles exhibit variation similar to that seen for neutral markers for most of the loci surrounding dhfr. The locus at 20 kb exhibits lowered variation for both the sensitive and the mutant alleles, which indicates that this particular locus may have a lower mutation rate. Nevertheless, we can clearly see the greatest reduction in variation for triple mutant alleles, followed by the 59R/108N double mutant alleles.
We also see a reduction in H e surrounding mutant dhps alleles compared to that for the sensitive alleles for many of the loci on chromosome 8 (Fig. 2B) . The lowest curves are seen for the 437G and 436A/437G mutant alleles; both of these alleles also had skewed haplotype frequency spectrums, with one predominant haplotype.
An alternative way of observing such selective sweeps is to explore the pattern of LD. Figure 3A shows the patterns of pairwise LD between all pairs of microsatellite loci used in this on January 22, 2018 by guest http://aac.asm.org/ study (total sample sizes of 180 for loci on chromosome 4, 147 for chromosome 8, and 164 for chromosomes 2 and 3). We observed a clear increase in the amount of LD in the region surrounding the genes dhfr and dhps compared to that in the regions covered by the neutral markers on chromosomes 2 and 3. In addition, we tested for LD between the codons involved in drug resistance of dhfr and dhps. Again, only polymorphic codons could be tested; thus, dhfr codons 51, 59, and 108 and dhps codons 436, 437, and 613 were included in the pairwise tests. We observed significant LD between codons 51, 59, and 108 in dhfr and codon 437 of dhps (Fig. 3B) .
DISCUSSION
We have found that only 5% of both dhfr and dhps alleles were sensitive alleles. Given that SP has been used both as a recommended governmental policy since the 1990s and also unofficially as self-medication, we know that drug selection has been strong in this population; therefore, the lack of sensitive alleles for both genes is not surprising. The majority of the dhfr alleles (88%) belong to the triple mutant class; these data alone suggest a possible selective sweep of the triple mutant allele.
In the case of dhfr alleles, the data from Yaoundé are similar to data from western Kenya (22) and show that the Southeast Asian triple mutant allele is prevalent in this central African population; this also is consistent with recent studies of African parasites (18, 30) . A single triple mutant haplotype has appeared to have spread across Africa after its introduction from Southeast Asia (31) , as previous studies with limited sampling have suggested (18, 30, 31) . We do find additional rare novel variants for this highly resistant triple mutant allele, which reemphasizes the importance of local ecology and evolution in the generation of rare variants. Nevertheless, it appears that gene flow has allowed the widespread dispersion of the Southeast Asian haplotype, shaping the pattern of drugresistant alleles across multiple African populations. Interestingly, however, such strong evidence of a single drug- Although there is a predominant group of haplotypes, several minor haplotypes of dhps in this Cameroonian population are genetically distinct and evolved independently from one another. This result can be explained by de novo origination and maintenance of distinct dhps allelic lineages in the Yaoundé population and/or by gene flow of particular dhps lineages into the Yaoundé population. Nevertheless, it is interesting that although the dhps mutation 437G is linked to all dhfr mutations, there is not a single dhfr allele that is particularly linked to a dhps allele in the population. A first obvious observation is that recombination is important across the continent and so both dhfr and dhps alleles segregate independently. However, a second observation is that the linkage between dhps mutation 437G and dhfr mutations could be due to drug selection. Selection acts on phenotypes, in this case, mutations changing the primary structure of the proteins so that the linkage between dhps mutation 437 and dhfr mutations is maintained regardless of the fact that the dhps and dhfr alleles, as defined by neutral markers, segregate independently. Our observations support previous studies indicating that drug selection acts differently on these two loci (25, 32) . Strong selection on dhfr together with gene flow has allowed the successful dispersion of a particular dhfr haplotype across Africa. On the other hand, drug selection on dhps alleles acts differently; thus, regardless of the existence of gene flow, there is no evidence of a single dhps allele sweeping in central Africa, but there is evidence that at Our results also indicate that there is an increase in divergence among dfhr triple mutant alleles. Although the high frequency of this group of closely related triple mutant alleles of Southeast Asian origin lends support for the use of molecular markers to monitor drug resistance, even in areas where there is a great deal of genetic diversity, it should be noted that over time an increase in divergence between alleles together with recombination could break down linkage groups. The genetic differentiation among dhfr triple mutant alleles in Yaoundé is not necessarily representative of the entire African continent; therefore, further investigation of the relationships and dispersion of resistant alleles on the continent and among different regions is needed.
We have shown evidence of selection acting on both dhfr and dhps. We see skewed haplotype frequencies for the triple mutant dhfr allele and the 437G and 436A/437G dhps alleles. Skewed haplotype frequency spectrums are characteristic of selective sweeps: the spectrum is dominated by an advantageous allele and linked neutral variation at high frequency along with many low-frequency variants (10, 17) . We also show lack of variation and strong LD immediately surrounding both dhfr and dhps mutant alleles, classic signatures of genetic hitchhiking due to strong selection (33) .
Genetic hitchhiking and selective sweeps have been reported for dhfr in Southeast Asia, Venezuela, and South Africa and for dhps only in Venezuela (21, 23, 27) . Under the genetic hitchhiking model, the extent of the reduction in variation is determined by the strength of selection and the amount of recombination (33) . Within the population from Yaoundé, we can see the effects of the strength of selection. There is an expectation that the triple mutant dhfr allele would yield a level of resistance to the parasite in the presence of pyrimethamine greater than that of the double mutant and thus would have a stronger selection coefficient. This strong selection coefficient would produce a greater extent of hitchhiking around dhfr. Indeed, this is what we observed from the Yaoundé population in both width and depth of the variation surrounding dhfr. By extension, the curves for dhps indicate a stronger strength of selection for the 437G and 436A/437G alleles than for the 436A and sensitive alleles. This is supported by the haplotype frequency data, which show a predominant haplotype for the 437G and 436A/437G alleles, indicating strong selection for a single haplotype and thus for the alleles.
In addition, we do not see such a strong selective sweep on dhps alleles. This could indicate that the population of dhps alleles may have been captured in the early stages of a selective sweep. This observation is consistent with those made by others, where mutations associated with sulfadoxine resistance in dhps appear after mutations in dhfr have reached high frequencies (25, 32) . Why SP selection acts asymmetrically in dhfr and dhps is still a matter that deserves further investigation. It would be interesting to assay these populations again in samples to observe whether the shape and depth of the heterozygosity curve have changed more recently as a result of continued selection on dhps alleles. It will also be important to assess how gene flow may affect the observed pattern of dhps alleles in Africa.
In summary, we have conducted the first investigation using microsatellite markers around dhfr and dhps to understand the effects of selection for SP resistance in a large sample set from a central African population. We have shown local origination of alleles highly resistant to pyrimethamine, genetic differentiation among dhfr and dhps alleles, and effects of strong drug pressure on genetic patterns. Although we show evidence that a molecular surveillance system using microsatellite markers in an area of moderate transmission is feasible, this study also highlights the need to complement surveillance studies with comprehensive population-based investigations. It is possible that recombination or point mutations could affect our capacity for tracking particular alleles. Although this seems to have limited relevance in the case of dhfr, where a single allele appeared to sweep across Africa, it could be critical in the case of dhps or other loci involved in drug resistance in the future. It is important to continue to study natural selection with Plasmodium populations in order to understand the effects of drug pressure in different ecologies.
